Recently, we reported that hepatitis C virus (HCV) can be classified genetically into two types, HCV-K1 and HCV-K2, which show 67% and 71% identity at the nucleotide and amino acid sequence levels in a 340 bp region which encodes the NS5 gene Gly-Asp-Asp motif. To develop a rapid method to classify the genomes of HCV isolates, we identified restriction fragment length polymorphisms (RFLPs) in reverse transcriptase-polymerase chain reaction products encoding a portion of the NS5 gene. AluI and AccII enabled HCV to be classified into the K1 and K2 types, and Sau96I enabled classification into the Kl type, and the K2a and K2b subtypes. These RFLPs also generally allow Japanese isolates to be distinguished from the prototype (PT, an isolate from the U.S.A.), which is a K1 type. Sequence analysis of the 5'-untranslated regions of Japanese isolates revealed near identity between the K1 type and PT, and 93 to 94% identity between the K1 and K2 types, indicating that there are type K1-and K2-specific RFLPs in this region. Our results suggest that the nucleotide sequences of the K1 and K2 types are different throughout the HCV genome. The incidence of HCV types K1, K2a and K2b, and PT in 50 samples was 74%, 16%, 8% and 2%, respectively.
Introduction
Hepatitis C virus (HCV) is the major cause of posttransfusion non-A, non-B hepatitis (Kuo et al., 1989) and is considered to be related to the Flaviviridae. HCV cDNA was initially cloned from the plasma of a chimpanzee chronically infected with non-A, non-B hepatitis (Houghton et al., 1988; Choo et al., 1989) . The first genome type, isolated in the U.S.A. is designated here as the prototype (PT). Subsequently, two groups have cloned and sequenced HCV genomes from Japanese non-A, non-B hepatitis patients Takamizawa et al., 1991) . The HCV genome is about 9.4 kb long, single-and positive-stranded, and does not have a poly(A) tract at the 3' terminus. The genome encodes two putative structural proteins which are translated from sequences in the vicinity of the 5' terminus of the genome: nucleocapsid protein, containing a number of basic amino acids, and envelope protein, containing nine potential glycosylation sites. Nonstructural proteins NS1 to NS5 are translated from the coding region immediately following the envelope gene (Okamoto et al., 1990 a; Kato et al., 1990; Takeuchi et al., 1990a; Takamizawa et al., 1991) .
Molecular cloning and application of the reverse transcription-polymerase chain reaction (RT-PCR) to the HCV genome revealed that the nucleotide sequences of Japanese strains are slightly different from that of PT (Kato et al., 1989; Kubo et al., 1989; Kaneko et al., 1990; Maeno et al., 1990; Takeuchi et al., 1990b,c) , and that there are HCV variants in Japan (Enomoto et al., 1990) . The nucleotide sequences of the structural and nonstructural genes of the American and Japanese strains differ by as much as 34%; in contrast, a short 5' noncoding region, which may function as a replication origin, is conserved extensively among four Japanese isolates and PT (Okamoto et al., 1990a) . However, it is not known whether the nucleotide sequence of the noncoding region is highly conserved among all HCV strains.
Traditionally, viruses have been classified into serotypes on the basis of their antigenic characteristics, but with the recent development of molecular biology it is possible to classify viruses genotypically. Recently, we reported the nucleotide sequence of a portion of the NS5 gene from HCV RNA isolated from 10 Japanese individuals, and demonstrated that HCV can be classified into at least two types, HCV-K1 and HCV-K2, which show 67% and 71% identity at the nucleotide and amino acid sequence level, respectively (Enomoto et al., 1990) . Slot blot hybridization indicated that PT is related to HCV-K1, the major type in Japan. Furthermore, 0001-0279 O 1991 SGM HCV-K2 is divided into two subtypes, HCV-K2a and HCV-K2b, which show 80% nucleotide sequence identity.
However, it is not known whether all Japanese isolates belong to the types mentioned above whether specific virus genotypes are responsible for certain forms of the disease, or for particular widespread epidemics. Therefore, important information concerning the detection of virus in transfusion patients' blood and strategies for disease therapy should come from an understanding of the genetic variability and world-wide distribution of HCV.
In this study, we have compared the typing of HCV by slot blot hybridization analysis and restriction fragment length polymorphism (RFLP) using three restriction endonucleases to analyse RT-PCR products. Our results demonstrated that HCV cDNAs show type-dependent RFLPs which can be used to classify isolates according to type or subtype.
Methods
Viruses. Fresh plasma was obtained from 50 patients with chronic non-A, non-B hepatitis; 12 had chronic hepatitis, 15 had acute posttransfusion hepatitis, 20 had liver cirrhosis and three had hepatocellular carcinoma. The frequency of detection of a 401 bp fragment was dependent on the disease: chronic hepatitis, 93.5%; acute hepatitis, 28.6%; liver cirrhosis, 81%; hepatocellular carcinoma, 33-3% (Enomoto et al., 1991) . Viral RNA preparation. Viral RNA was extracted from 1 ml of plasma using acid-guanidinium thiocyanate-phenol-chloroform (Chomszynski & Sacchi, 1987) and the final product was dissolved in 20 ~tl water. To amplify the 401 bp fragment, an aliquot of RNA (2 ~1) was mixed with 10 ~tl buffer containing 10 pmol AS-401 primer (Table  1) , 50mM-Tris-HC1 pH 8.3, 75 mM-KCI, 3 mM-MgCI 2 and 10 mM-DTT, and heat-treated for 5 min at 70 °C. After quick chilling, 20 units (U) of RNase inhibitor and 100 U of Moloney murine leukaemia virus reverse transcriptase (Promega) were added, and the mixture was incubated for 45 min at 37 °C and 5 min at 100 °C. To amplify the 225 and 242 bp fragments, 50 pmol random hexamer primer (Takara Biochemicals) was used as a primer for reverse transcriptase. The random primer produced cDNA more efficiently than the defined 3' primers used for amplification.
Amplification by PCR. PCR was carried out i~ a DNA thermal cycler (Perkin-Elmer Cetus) for 50 cycles using the method of Saiki et al. (1988) . Each reaction cycle included denaturation at 94 °C for 1 min, and primer annealing at 40 °C and primer extension at 72 °C for 1 min each. The sequences of oligonucleotide primers, synthesized on an Applied Biosystems 381A machine, are shown in Table 1 . Aliquots of products (10 ~tl) were analysed by 4% PAGE and 1 ~tl was used for slot blot analysis. For the RFLP analysis, PCR products were separated on a 4% polyacrylamide gel, and regions corresponding to the 401 bp fragment were excised and immersed in 100 ~t110 mu-Tris-HCl pH 8.3 and 0-1 mM-EDTA for 6h at 50°C. Extracted DNA (lp.l) was subjected to a second PCR, and products were precipitated with ethanol and used for RFLP analysis.
For slot blot hybridization analysis a portion (1/100) of each PCR reaction was mixed with 200 ~tl of 0-5 M-NaOH, 1-5 M-NaCI solution, divided into two 100 ~tl aliquots and subjected to slot blot hybridization on a nylon filter (Pall; Biodyne). Each pair of duplicate filters was incubated with 20 ng of digoxigenin-labelled HCV-K1 or HCV-K2a 401 bp fragment probe, as described previously (Enomoto et al., 1990) .
The hybridized, digoxigenin-labelled probe was visualized with an immunostaining kit (Boehringer Mannheim).
RFLP experiments.
RT-PCR products were precipitated using ethanol and then solubilized with 10/.tl TE buffer. Aliquots (3 ~1) were taken and digested with 2 U of restriction endonuclease in 20 ~tl under optimal conditions for 3 h. Digested samples (5 Ixl) were mixed with 3.5 ~tl of sample buffer, separated on a 6% polyacrylamide gel and stained with 1 ~tg/ml ethidium bromide.
Nucleotide sequencing. Nucleotide sequences of both plus and minus strands were determined directly by the dideoxynucleotide chain termination method (Sanger et al., 1977) using PCR products generated by asymmetric amplification with unequal molar amounts of primers (Gyllensten & Erlich, 1988) .
Results

Amplification and typing of the 401 bp fragment
Amplification from non-A, non-B hepatitis patient plasma of the HCV cDNA 401 bp fragment, which encodes a portion of the NS5 gene, was carried out by RT-PCR using S and AS primers. HCV genomes were detected with high frequency from chronic hepatitis patients (Enomoto et al., 1991) . Amplified products from 50 patients were classified by slot blot hybridization using HCV-K1 or HCV-K2a digoxigenin-labelled probes; 38 hybridized with the HCV-K 1 probe, whereas 12 samples hybridized with the HCV-K2a probes. All samples were hybridization-positive, but none was positive for both probes, suggesting that there is no other type of HCV and no intermediate type in these samples. Of 50 samples, 10 (five K1, one PT, two K2a and two K2b) had been sequenced previously and their nucleotide sequences reported (Enomoto et al., 1990) . On the basis of these sequence data, restriction enzyme sites which may have been useful for classifying each HCV genotype were identified by computer analysis; AluI, AcclI and Sau96I were selected and used for R F L P analysis. Samples were divided into K1, K2a and K2b type groups on the basis of hybridization and sequence analysis (see below).
Classification of K2 type
Since slot blot hybridization was unable to classify PCR products into K2 subtypes, the 401 bp fragment of all K2 type samples was sequenced. Based on this analysis, all the samples could be subtyped; eight were K2a and four were K2b. Variation between the sequences of members of subtypes K2a and K2b was less than 7% and 8%, respectively, and both subtypes had 66 to 69% identity with members of the KI group.
RFLP analysis
All 50 of the 401 bp HCV c D N A fragments were digested with AluI and the resultant fragments were separated by PAGE. AluI digestion of 37 K1 type samples produced characteristic 220 and 123 bp fragments, accompanied by either a 58 or 50 bp fragment; two K1 type samples showed a different pattern (Fig.  la) . In contrast to type K1, AluI digestion of type K2 samples generated four different patterns with no common fragments. Digestion of PT with AluI resulted in 220 and 181 bp fragments, and its RFLP pattern was different from those of types K1 and K2. Thus, the AluIgenerated RFLPs are very useful for the classification of the 401 bp fragment into types K 1 and K2, and probably * RFLPs were numbered in the order of frequency of occurence. Those without a hyphen and suffixed number are the major RFLPs (more than 60~) for each type or subtype.
t The incidence is the number of occurences of an RFLP type/total number of samples of each type or subtype.
:~ Fragments smaller than 40 bp were not evaluated. § Predicted fragments deduced from the sequence of PT are presented because its RFLPs are different from those of PT-1 (Accpt-1).
PT, which contains a unique 181 bp fragment. The major RFLP type of type K1 is designated Alukl ; the minor RFLP patterns were numbered in order of frequency. AluI-generated RFLP patterns and their frequencies are summarized in Table 2 .
The AcclI RFLPs of the same samples were analysed ( Fig. 1 b and Fig. 2 . Nucleotide sequences of amplified 5'-untranslated regions of types K1, K2a and K2b-1, and PT-1. Fragments were amplified by RT-PCR using the primers described. The sequences of HCV J 1 and J4 are from Okamoto et al., (1990a) . HaelII (H) and Sau3A (S) sites are shown above the nucleotide sequences; parentheses indicate predicted endonuclease sites found in one subtype K2a fragment.
consisting of 205 and 196 bp fragments. Interestingly, four type K1 samples showed the same digestion pattern, precluding classification by AcclI-generated RFLP. The RFLPs of PT-1 and PT were different, and neither was found in those of Japanese strains. The Sau96I digestion of the 401 bp fragment of most type K1 samples (32 of 37) produced a characteristic 253 bp fragment, whereas from seven of 12 of the type K2 samples a 233 bp fragment was largest ( Fig. 1 c and Table 2 ). Sequence analysis indicated that all PCR products containing a 233 bp Sau96I fragment were of subtype K2a, and three of four subtype K2b samples produced identical patterns containing three unique fragments. This indicates that Sau96I may be useful for classifying HCV into the K2a and K2b subtypes. One of the subtype K2b samples showed a Saukl-1 type RFLP, but because its nucleotide sequence was 96~ identical to that of K2b, it is clearly a member of the K2b subtype. Okamoto et al. (1990 a) have reported that the 5'-terminal (untranslated) region of the HCV genome is highly conserved (almost 99~o) between two distantly related isolates, which facilitates the diagnosis of non-A, non-B hepatitis by PCR (Okamoto et al., 1990b; Kanai et al., 1990) . By using the primers of Okamoto et al. we attempted to amplify a 242bp fragment from our samples to investigate whether this sequence is conserved. As shown in Table 3 , these primers enabled the amplification of a 242 bp fragment from the HCV-K1 genome. Nucleotide sequence analysis showed 99~ identity between K1, PT-1 and other reported HCV fragments (J1 and J4), and 93 to 94~o identity between types K 1 and K2 (Fig. 2) . These results suggest that type K1 and PT are closely related, whereas types K1 and K2 
Nucleotide sequence and RFLP in the 5"-terminal region
K2b K2 k2-3 k2b-lt kl-2 -* 5"-UT, Y-Untranslated region. t Rare RFLP observed in only one case.
:~ Additional HaelII sites were observed. § -, No 242 bp fragment was observed after RT-PCR.
are more distantly related, as we proposed previously (Enomoto et al., 1990) . These amplified fragments were digested with HaeIII or Sau3A and subjected to PAGE to identify RFLPs. Fig. 3 shows that no type Kl-derived fragment has an HaeIII site, but that subtypes K2a and K2b have one conserved HaeIII site, producing 147 and 94 bp fragments and two of four contain additional HaeIII sites, e.g. one subtype K2a 242 bp fragment contains two additional HaeIII sites. On the other hand, Sau3A
T. Nakao and others digestion of the type K1 fragments and one of the subtype K2b-derived fragments generated two fragments of 178 and 63 bp, whereas digestion of PT-1 and other type K2-derived fragments generated a 228 bp fragment (the $5' primer contains a Sau3A site). These preliminary results indicated that HaelII digestion of the 242 bp 5'-terminal region can probably be utilized to classify HCV into HCV types K1 (including PT) and K2.
Discussion
We have shown previously that the 401 bp cDNA fragment containing a portion of the NS5 gene of HCV is amplified with high frequency from the plasma of non-A, non-B hepatitis patients by RT-PCR using the S and AS primers, and we proposed that there are two major types of HCV in Japan (Enomoto et al., 1990) . In this study we collected more non-A, non-B hepatitis samples and determined their HCV type by slot blot hybridization analysis, digestion with three restriction endonucleases and nucleotide sequencing. Our results provide further evidence that only two major types of HCV exist in Japan, HCV-K1 and HCV-K2; HCV-K2 can be further subdivided into two subtypes, HCV-K2a and HCV-K2b. In this analysis, neither an intermediate nor a new type of HCV were found. The American type designated PT, which is a member of the K 1 type family by slot blot hybridization and nucleotide sequence analyses, was found only in one non-A, non-B hepatitis patient, infected with virus from factor VIII preparation imported from the U.S.A. The RFLPs of the 401 bp fragment generated using three restriction enzymes are summarized in Table 3 . AluI-generated RFLPs seem to be most useful in the classification of HCV into types K1 or K2, whereas Sau3A-generated RFLPs facilitate the division of type K2 into its subtypes. Digestion with one restriction enzyme may generate a unique RFLP, but analysis with the other two restriction enzymes produces major or minor RFLPs and therefore, with relatively few exceptions, Japanese variants of HCV can be classified by RFLP analysis with three restriction endonucleases. Recently, two groups have reported the complete nucleotide sequences of HCV genomes isolated from Japanese patients Takamizawa et al., 1991) . Both HCV genomes belong to the K1 type, based on the sequence of a portion of the NS5 gene; one (that of Kato et al.) shows Alukl, Acckl-1, and Saukl-3 RFLPs, and the other (that of Takamizawa et al.) shows Alukl, Acckl and Saukl RFLPs. Furthermore, both 5'-terminal regions contain HaelII-kl and Sau3A-kl RFLPs, indicating the usefulness of RFLP analysis.
Since the predicted amino acid sequence encoded by the 401 bp fragment contains the Gly-Asp-Asp motif conserved in most RNA viruses (Argos, 1988; Pletnev et al., 1990) , it is likely that amino acid sequences in other portions of the genome of types K 1 and K2 will show less identity. It is not known whether these types contain characteristic amino acid and nucleotide sequences in portions other than the NS5 gene region tested or whether the failure to amplify other regions is due to differences in the HCV type. Amplification and cloning of type K2 cDNA containing other protein coding regions has been attempted, but no cDNA was obtained. However, a 242 bp fragment from the Y-untranslated region has been amplified from plasma infected with different HCV types. The nucleotide sequences of subtypes K2a and K2b and PT-1 are 94~, 93~o, and 99~ identical to that of type K1, respectively, and the 242 bp fragment also showed type K1-and K2-dependent RFLPs. Interestingly, all 12 type K1 samples direct amplification of the 242 bp fragment and produce the same HaelII-and Sau3A-generated RFLPs, but only four of 11 type K2 samples produce the 242 bp fragment. The failure to amplify the 242 bp fragment from several type K2-containing plasma samples is probably due to nucleotide variation in the 3' primer-binding region. Although information on the 5' region is limited, these results support our previous proposal that type K1 is genetically related to PT whereas type K2 is more distantly related to PT, and suggest that types K1 and K2 have distinct nucleotide sequences throughout the HCV genome.
To isolate an HCV cDNA fragment from plasma samples negative for the 401 bp fragment by RT PCR, several primers were designed and tested. A combination of S' and AS' primers (shown in Table 1 ) produced a 225 bp fragment with higher frequency than that of the 401 bp fragment produced using the S and AS primers, which is particularly useful for the detection of the HCV genome in hepatoma and post-transfusion patients. The HCV genome was detected in 10 samples negative for the 401 bp fragment by RT-PCR, and by restriction enzyme digestion or sequencing; the fragments tested are members of the type K1 group. Although S' and AS' primers facilitate PCR diagnosis of non-A, non-B hepatitis liver disease, the amplified 225 bp fragments are too small for RFLP analysis. These results suggest that there are two main HCV types in Japan, HCV-K1 and HCV-K2.
HCV-PT has been detected frequently in blood from haemophiliacs who have received clotting factors Ulrich et al., 1990) . PT-1 was also isolated from a Japanese haemophiliac, and its nucleotide and amino acid sequences are 95~ and 91~o identical respectively, to those of PT in a 340 bp portion of the NS5 gene, which results in equivalent AluI-and Sau96I-generated RFLPs. However, their AcclI-generated RFLPs are different; PT contains two additional AcclI sites. Recently, several PT strains have been isolated in our laboratory from blood obtained from European non-A, non-B hepatitis patients and their RFLPs are the same as those of PT or PT-I (data not shown), suggesting that although the nucleotide sequence of the HCV genome may change during infection, each genotype has been conserved as well as that of the hepatitis B viruses (Okamoto et al., 1987) .
The clinical course of disease in each HCV-infected patient has been investigated. Our preliminary observations suggest that types K1 and K2 show different responses to interferon (unpublished results). Further basic and clinical studies are in progress.
